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CREATING INCREASED MOBILITY IN A
BIPOLAR DEVICE

BACKGROUND OF INVENTION

The 1invention relates to semiconductor device fabrication
and, more particularly, to techniques for enhancing the
performance of bipolar devices.

A bipolar device 1s a semiconductor device, the operation
of which 1s based on the use of both majority and minority
carriers (also referred to as “charge carriers™). The majority
and minority carriers are either electrons or holes, depending
on the polarity of the device.

An example of a bipolar device i1s the bipolar junction
transistor (BJT) which 1s a transistor having three semicon-
ductor regions referred to as emitter, base and collector. The
emitter 1s a very high conductivity region which acts as a
source of free carriers which are injected into the adjacent
base region. The collector 1s a region which collects carriers
from the base. The base region 1s sandwiched between the
emitter and collector regions and generally controls the tlow
of free carriers between the emitter and the collector. A
lesser flow of carriers of opposite polarity to those flowing
from emuitter to collector flows from the base to the emitter.

A conventional BJT 1s fabricated using one semiconduc-
tor material (S1) with differently doped regions. A hetero-
junction bipolar transistor (HBT) utilizes more than one
semiconductor material, taking advantage of the different
properties (e.g., bandgap) of the different materials—ifor
example, S1Ge in combination with S1. The additional (other
than S1) material 1s formed as an epitaxial layer, typically
using MBE (molecular beam epitaxy), RTCVD (rapid-ther-
mal chemical vapor deposition), or LPCVD (low-pressure
chemical vapor deposition) techniques.

A bipolar transistor comprises an emitter layer (or region)
containing an mmpurity of a first conductivity type, a base
layer (or region) containing an impurity of a second con-
ductivity type, and a collector layer (or region) containing
the impurity of the first conductivity type.

Bipolar transistors are typically of two distinct types, or
polarity—either n-p-n (having n-type emitter and collector,
and having p-type base), or p-n-p (having p-type emitter and
collector, and having n-type base).

The “type” (p or n) 1s determined by impurities which are
implanted or deposited during epitaxy into the semiconduc-
tor material. The impurity for p-type 1s boron (B) and for
n-type, phosphorous (P), arsenic (As), antimony (Sb).

For a n-p-n type bipolar transistor, the free carriers
injected from the emitter are electrons, and the carriers
flowing from the base to emitter are holes. For a p-n-p type
bipolar transistor, carrier types are the opposite. Often,
clectrons are preferred as the majority charge carriers rather
than holes, since for carrier mobility (u) w,>u,, and tor
saturation velocity (v) v,>v,. Hence, n-type bipolar devices
are typically preferred, where possible.

FIG. 1 illustrates, generally, an n-p-n type BJT of the prior
art comprising a neutral emitter, a neutral collector, and a
neutral base disposed between the neutral emitter and neu-
tral collector, illustrating the path of electrons from neutral
emitter to neutral collector, via the base, and 1llustrating the
path of holes from the neutral base to the neutral emitter. An
emitter-base space charge layer (region) 1s formed between
the neutral emitter and the neutral base. A base-collector
space charge layer (region) 1s formed between the neutral
base and the neutral collector. (For a p-n-p polarity BJT
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2

holes traverse between neutral emitter and neutral collector
and electrons traverse between neutral base to neutral emat-
ter. )

Lattice strain 1s known to aflect carrier mobility and
saturation velocity. Various methods have been shown to
cause strain in field effect transistors (FETs). For instance,
films which cause tensile strain in the direction of current
flow (and sometimes 1n the direction perpendicular to the
direction of current flow) can improve the electron mobaility
and saturation velocity in FETs. It should be understood that
FETs operate fundamentally differently than BJITs. For one
thing, there 1s charge flow 1n only one direction, which 1s
parallel to the water surface. In addition, FETs have a single
carrier (electrons for NFET and holes for PFET), and so the
application of lattice strain 1s straightforward to create strain
in principally one direction for the single carrier type.

Some examples of employing strain techniques 1n FETs
can be found 1n the following articles:

“A 90 nm High Volume Manufacturing Logic Technology
Featuring Novel 45 nm Gate Length Strained Silicon CMOS
Transistors™, T. Ghani et al., Portland Technology Develop-
ment, Intel Corp., Hillsboro, Oreg., 0-7803-7873 3/03 ©
2003, IEEE describes the details of a strained transistor
architecture which 1s incorporated into a 90 nm logic tech-
nology on 300 mm wafers.

The strained PMOS transistor structure features an epi-
taxially grown strained Si1Ge film embedded 1n the source
drain regions. Dramatic performance enhancement relative
to unstrained devices are reported. Ghani FIG. 1 shows a
PMOS transistor with a strained epitaxial S1Ge film embed-
ded 1nto the source drain region to induce compressive strain
in the channel region.

“Enhanced Hole Mobilities 1n Surface-channel Strained-
S1 p-MOSFETs”, K. Rim et al, Solid State Electronics
Laboratory, Stanford University, Stanford, Calif. 94303,
0-7803-2700-4, © 19935, IEEE describes the strain depen-
dence of the hole mobility in surface-channel p-MOSFETS
employing pseudomorphic, strained-Si1 layers. The hole
mobility enhancement 1s observed to increase roughly lin-
early with the strain as the Ge content 1n the relaxed S1,_ Ge_
bufler layer increases.

“Fabrication and Mobility Characteristics of Ultra-thin
Strained Si1 Directly on Insulator (SSDOI) MOSFETs”, K.
Rim et al, T. J. Watson Research Center, Yorktown Heights,
N.Y. 10598 0-7803-7873 3/03, IEEE discloses a tensile-
strained S1 layer transferred to form an ultra-thin (<20 nm)
strained S1 directly on insulator (SSDOI) structure. MOS-
FETs were fabricated, and electron and hole mobility
enhancements were demonstrated on strained Si1 directly on
insulator structures with no S1Ge layer present under the
strained S1 channel.

SUMMARY OF INVENTION

Circuits benefit from ever increasing performance of the
transistors. As mentioned above, MOSFFET devices are
finding increased performance from strained silicon lattice,
which improves low field carrier mobility and thus the drive
current 1n those devices. However, to the inventors’ knowl-
edge, strain has not yet been engineered into bipolar devices
for increased performance. Wherein there are many methods
so far described to impart strain into MOSFET devices, this
field 1s largely unexplored for bipolar devices.

Bipolar device (BIJT) performance 1s partly limited by
carrier transit time through the space-charge regions and
through the neutral base. Low field mobility and saturation
velocity enhancements will benefit this transit time. The
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performance 1s also limited by extrinsic resistances in the
base, emitter and collector regions. These resistance values
are dominated by low field electron and hole mobility and
will be aflected by strain 1n the device. Compressive strain
will benefit hole mobility, and tensile strain will benefit
clectron mobility. Applied 1n the correct locations 1n the
device, strain will significantly improve performance.

Referring to FIG. 1, the performance of an n-p-n transistor
could benefit from 1mproving hole mobility in the lateral
direction and improving electron mobility 1n vertical direc-
tion. In the opposite polarity case, a p-n-p transistor could
benefit from improving electron mobility 1n the lateral
direction and improving hole mobility 1n vertical direction.

According to the invention, generally, for an n-p-n BJT
hole mobility 1n the lateral direction 1s improved by creating,
lateral compressive strain, and electron mobility 1n the
vertical direction 1s improved by creating vertical tensile
strain. For a p-n-p BIT electron mobility 1n the lateral
direction 1s improved by creating lateral tensile strain, and
hole mobility 1n the vertical direction 1s improved by cre-
ating vertical compressive strain.

In the main hereinafter, n-type (n-p-n) bipolar devices
which are BJTs are discussed.

According to the invention, generally, tensile strain 1s
applied to the intrinsic portion of the device (including the
emitter, base and collector) 1n the direction of electron tlow
(vertical 1n the diagrams), and compressive strain 1s applied
in the direction of hole flow (lateral in the diagrams),
because holes flow principally 1n this direction within the
base layers and improved hole mobility with compressive
strain beneficially aflects the resistance of the base terminal.

According to the invention, generally, a structure 1s
formed wherein a tensile strain 1s applied 1n the intrinsic
base of the device through an overlaying compressive stress
nitride film.

This 1mproves the intrinsic base resistance through
enhanced hole mobility as described above. This also
induces a vertical tensile strain 1n the direction of electron
flow under the emitter of the device, enhancing the device
clectron flow and improving the electron transit time and
emitter and collector access resistances.

According to the invention, a method of increasing mobil-
ity of charge carriers 1n a bipolar device comprises the steps
of: creating tensile strain 1n the device to increase mobility
of electrons in the device, and creating compressive strain 1n
the device to increase mobility of holes 1n the device. The
device 1s suitably a BJI. For a BJT which 1s an n-p-n
transistor, hole mobility 1s increased in a lateral direction and
clectron mobility 1s 1increased in a vertical direction. For a
BJT which 1s a p-n-p transistor, electron mobility 1s
increased 1n a lateral direction and hole mobility 1s increased
in a vertical direction.

The compressive and tensile strain are created by apply-
ing a stress film adjacent an emitter structure of the device
and atop a base film of the device. In this manner, the
compressive and tensile strain are located 1n close proximity
to an intrinsic portion of the device. The straimned film 1s
disposed 1n close proximity to the intrinsic portion of the
device. A suitable material for the strained film 1s nitride.

According to the invention, a bipolar device, comprises a
collector region, a base film disposed atop the collector
region, an emitter structure formed atop the base layer, and
a stress film disposed adjacent the ematter structure and atop
the base film. The stress film may be a tensile film or a
compressive film, depending on the polarity of the bipolar
device.
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The emitter structure may be “IT-shaped”, having a lateral
portion atop an upright portion, a bottom of the upright
portion forms a contact to the base film, and the lateral
portion overhangs the base film.

BRIEF DESCRIPTION OF DRAWINGS

The structure, operation, and advantages of the present
invention will become further apparent upon consideration
of the following description taken in conjunction with the
accompanying figures (FI1Gs.). The figures are intended to be
illustrative, not limiting.

Certain elements in some of the figures may be omitted,
or illustrated not-to-scale, for illustrative clarity. The cross-
sectional views may be 1n the form of “slices”, or “near-
sighted” cross-sectional views, omitting certain background
lines which would otherwise be visible 1n a “true” cross-
sectional view, for illustrative clarity.

In the drawings accompanying the description that fol-
lows, often both reference numerals and legends (labels, text
descriptions) may be used to identily elements. If legends
are provided, they are intended merely as an aid to the
reader, and should not 1n any way be interpreted as limiting.

Often, similar elements may be referred to by similar
numbers 1n various figures (FI1Gs.) of the drawing, 1n which
case typically the last two significant digits may be the same,
the most significant digit being the number of the drawing
figure (FI1G).

FIG. 1 1s a schematic 1llustration of a BJT of the prior art,
illustrating a generalized bipolar transistor structure and
some fundamental principles of its operation, particularly
charge tlow.

FIG. 2 1s a simplified cross-sectional view of a BIT,
illustrating a particular type of emitter structure, according
to the prior art.

FIG. 3 1s a simplified cross-sectional view of a BIT,
tabricated according to the techniques of the present inven-
tion.

FIGS. 4, 4 A-4F are cross-sectional views of a sequence of
steps used to fabricate a BJT, according to the invention.

FIG. 5 1s a cross-sectional view of a complete BIT,
formed according to the steps illustrated 1n FIGS. 4, 4A-4F,

according to the mnvention.

FIG. 6 1s a diagram showing lateral stress in 1 a BIT,
according to the mvention.

FIG. 7 1s a diagram showing vertical stress in the BJT of
FIG. 6, according to the invention.

FIG. 8 1s a graph 1illustrating stress in the BJT of FIG. 6,
according to the mvention.

DETAILED DESCRIPTION

In the description that follows, numerous details are set
forth in order to provide a thorough understanding of the
present mvention. It will be appreciated by those skilled in
the art that vaniations of these specific details are possible
while still achieving the results of the present invention.
However, well-known processing steps may not be
described 1n detail 1n order to avoid unnecessarily obfuscat-
ing the description of the present invention.

Materials (e.g., silicon dioxide) may be referred to by
theirr formal and/or common names, as well as by their
chemical formula. Regarding chemical formulas, numbers
may be presented 1n normal font rather than as subscripts.
For example, silicon dioxide may be referred to simply as
“oxide”, chemical formula S102. For example, silicon
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nitride (stoichiometrically S13N4, often abbreviated as
“S1N”’) may be referred to simply as “nitride”.

In the description that follows, exemplary dimensions
may be presented for an illustrative embodiment of the
invention. The dimensions should not be iterpreted as
limiting. They may be included to provide a sense of
proportion. Generally speaking, 1t 1s the relationship
between various elements, where they are located, their
contrasting compositions, and sometimes their relative sizes
that 1s of significance.

FI1G. 2 illustrates a BJT 200 of the prior art, formed 1n a
semiconductor substrate (not specifically shown). The BIT
comprises a collector region 202, a base film 204 disposed
atop the collector region 202 and an emitter structure 206
formed atop the base layer 208. This type of emitter structure
1s referred to a “I-shaped” emitter—it has a vertical (up-
right) portion atop which 1s a horizontal (lateral) portion.
The emitter structure 206 1s typically formed of polysilicon.
The bottom of the upright portion of the emitter structure
206 forms a contact to the base film 204, and in a region
surrounding this contact, the emitter polysilicon overhangs
the base film 204 with an insulator 208 which 1s typically
silicon dioxide. The device 200 1s finished with steps (e.g.,
contact formation, etc.) well known to those knowledgeable
in the state of the art. Examples of this type of BIT can be
found, for example, 1n U.S. Pat. Nos. 5,117,271 and 6,667,
489, and therefore require no further detailed discussion. In
this example, the insulator 208 1s adjacent the upright
portion of the emitter structure 206, and on the surface of
(atop) the base film 204.

FIG. 3 1illustrates a BJIT 300, generally of the type illus-
trated 1n FIG. 2, but fabricated according to the techniques
of the present invention. The BJT 300 comprises a collector
region 302, a base film 304 disposed atop the collector
region 302 and an emitter structure 306 formed atop the base
layer 304. Generally, strain in the device 1s created by
removing the insulator layer 208 and replacing 1t with
(applying) a film 308 which creates strain(s) 1n the mntrinsic
region ol the device. The “stress” film 308 preferably
provides both compressive and tensile strain in this region.
In this example, the film 308 1s adjacent the upright portion
of the emutter structure 306, and atop the base film 304. The
film 308 1s disposed in this region because 1t 1s 1n close
proximity to the intrinsic portion of the device. (The intrinsic
region ol the device 1s the portion directly under the vertical
portion of the emitter polysilicon, such that it encompasses
the flow of carriers from the neutral emitter into the neutral
collector. The portions that provide connectivity, 1.e. the
emitter polysilicon, the portion of the base layer not under
the emitter polysilicon, and most of the collector layer are
considered extrinsic.)

For a n-type (n-p-n) BJT, the film 308 1s a compressive
film. Because of the T-shaped structure of the emitter and the
location of the film 308—mnamely, adjacent the emitter
structure and atop the base film, the film 308 imposes tensile
strain 1n the vertical (as viewed) direction and compressive
strain 1n the hornizontal direction. (For a p-type (p-n-p)
device, the film would be a tensile film, resulting 1n com-
pressive strain in the vertical direction and tensile strain in
the horizontal direction. )

By removing the previous oxide film and replacing it with
an intentionally stress film, the strain may be placed (lo-
cated) 1 close proximity to the intrinsic portion of the
device. The resultant increase 1n carrier mobility and satu-
ration velocity has the eflect of providing higher current
drive and shorter transit time for improved RF device
performance.
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Generally, the oxide 208 1s removed late 1n the process,
and the film 308 1s deposited as late i the process as
possible so that strains will be preserved. A stress mitride film

with at least 0.5 GPa (Giga-Pascal) intrinsic stress 1s suitable
for use as the film 308.

AN EXEMPLARY EMBODIMENT

FIGS. 4, 4A-4F 1llustrate a sequence of steps used to form
an embodiment of a BJT, according to the invention. FIG. 5

illustrates a complete BIT, formed according to the steps
illustrated 1n FIGS. 4, 4A-4F.

As shown 1n FIG. 4, a plurality of spaced-apart shallow
trenches 406a, 4065 and 406¢ are formed 1n a lightly doped
(n—) epitaxial layer 404 of silicon semiconductor material
which has been deposited on a heavily doped (n+) single
crystal silicon semiconductor subcollector or substrate 402.
The shallow trenches 406a, 4066 and 406c¢ are filled with an

1solation oxide 408.

-

T'he isolation oxide 408 i1s suitably formed using well-
known conformal oxide deposition and oxide polishing
steps or other methods to bring the surface of oxide 408 to
the same level as the surface of epitaxial layer 404. At this
point, the rnghtmost upstanding portion or mesa 410 of layer
404, between trenches 40656 and 406c¢, 1s subjected to an
ion-implantation step which renders 1t heavily doped to the
same concentration and conductivity type as substrate 402.
The 1on-implantation 1s suitably carried out using well-
known lithographic and implantation steps. Upstanding por-
tion or mesa 410 of layer 404 will ultimately form the
subcollector reachthrough to substrate 402 which i1s the
subcollector of the device of FIG. 4]. Leftmost upstanding
portion or mesa 412 of layer 404, between the trenches 406a
and 4065, will ultimately form the collector of the finished
BIT.

Deep trenches (not shown) may optionally be formed.
CMOS layers (not shown) may optionally be formed. (See,
e.g., U.S. Pat. No. 6,448,124).

After the 1on implantation of the mesas 410/412, a layer
ol etch-stop material (preferably silicon dioxide) 416 and a
thin layer of polysilicon 418 are deposited on the surfaces of
mesas 410 and 412 and on isolation oxide 408. This set of
layers provide protection of mesa 410 from later processing
and also provides a starting layer to promote growth of the
epitaxy of the next step. A region corresponding to region
412 and overlapping regions 406a and 4065 1s defined
through photolithography and the thin polysilicon layer 418
1s etched, stopping on the thin etch-stop layer 416. Layers
416 1s then etched, preferably with a wet etch process such
as dilute HF, exposing the surface of mesa 412.

Next, as shown mn FIG. 4A, a layer 420 of silicon
semiconductor material 1s deposited on the surface of mesa
412 and on 1solation oxide 408 using a nonselective epitaxial
deposition technique. The layer 420 deposits as a polycrys-
talline integral on the oxide 408, as single crystal material on
the surface of mesa 412, and 1ts polysilicon on the thin
polysilicon layer remaiming aver 416. The layer 420 1s
undoped. Included 1n the layer 420 1s a thin portion which
1s doped to have a p-type conductivity. The layer 420 will
form the base of the BJT. The layer 420 may also include an
alloy of Silicon Germamum (SiGe) In order to form a
heterojunction bipolar transistor (HB'T). This layer 420 has
it. thickness of approximately 10-50 nm, over the mesa 412
(1n the openings), and ova the layers 416 and 418.

Layer 420 may be deposited using any well-known epi-
taxial deposition technique which provides the desired poly-
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crystalline and single crystal regions over oxide region 408
and mesas 410 and 412, respectively.

A preferred approach 1s to deposit layer 420 using a low
temperature epitaxial (LTE) technique. Boron may be used
as the p-conductivity type dopant and may have a doping
concentration of 5x10'°-5x10" cm™. In this way, the
deposited layer 420 1s formed of boron doped silicon or
silicon/germanium by simply introducing the appropriate
constituents during the deposition step 1n a well-known way.

Semiconductor substrate 402, layers 404, 418 and 420 are
all preferably made of silicon semiconductor material. How-
ever, it should be appreciated that other semiconductor
materials like gallium arsenide may also be used. Also, 1n
FIG. 4A, the doped semiconductor regions such as substrate
402 and mesas 410, 412 are of n-conductivity type but these
same regions may equally well be of p-conductivity type
without departing from the spirit of the present invention.
Typical n-conductivity type dopants are phosphorous,
arsenic and antimony.

Next, as shown 1n FIG. 4B, after the deposition of layer
420, layers of oxide 422 and nitride 424 are deposited. These
layers may be deposited in manners well-known to those
skilled 1n the semiconductor fabrication art. The oxide layer
422, may alternatively be thermally grown using well-
known prior art techniques provided oxidation takes place
under conditions which do not lead to excessive diffusion of
the intrinsic base dopant 1n layer 420 Next, the mitride layer
424 1s opened up, using conventional lithography, to have an
opening 426 where the emitter will be formed. The nitride
424 1s suitably etched, using the underlying oxide 422 as an
ctch stop. Finally, (as shown in FIG. 4C), the oxide 422 1s
ctched to expose the base layer 420 in the opening 426.

Next, as shown 1n FIG. 4C, the emitter 430 1s formed by
depositing and patterning polysilicon. For patterning the
polysilicon, first a hard mask (e.g., oxide) 432 1s deposited
on the polysilicon, lithographically patterned, and etched,
leaving polysilicon which 1s over, but wider than the opening
426. This results 1n the “I-shaped” emitter structure which
1s shown. Finally, oxide sidewall spacers 434 are deposited
and etched. Note that the bottom of the emitter 1s 1n contact
with the base layer 420.

Next, as shown 1n FIG. 4D, the silicon nitride film 424 1s
removed, 1n 1ts entirety. This may be done using a wet etch
process such as hot-phosphoric etch, and results in the
vertical portion and the underside of the horizontal portion
of the ““I-shaped” emitter being exposed. Finally, the silicon
oxide 422 and the underlying base polysilicon 420 and
silicon 418 are patterned and etched (and are labeled 422,
420" 1n this, and subsequent figures, respectively). The etch
of the polysilicon film 420 and 418 uses the layer 416 as an
etch stop layer, so that the reach through mesa region 1s not
aflected by this etch.

Next, as shown 1n FIG. 4E, oxide film 416 1s etched away
to expose layer 420" and the reach through region 410.
Oxide layers 434 and 432 may be engineered with lower
etch rate or with greater thickness such that they remain
tollowing the removal of layer 416. For instance, layer 416
may be deposited through an ozone TEOS process resulting
in a high etch rate and layers 434 and 432 may be deposited
with a CVD process that results 1n a lower etch rate. As also
shown 1n FIG. 4E, silicide layers 440a 4406 and 440c¢ are
formed through well known processes of metal sputter
deposition, reaction and conversion. Because the silicide
forms only on exposed silicon layers, 1t forms does not form
on the oxide layers. Because the metal 1s deposited through
a sputter process, it 1s not deposited beneath the overhanging
regions of layer 430, leaving region 420"" without silicide.
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Next, as shown 1n FIG. 4F, a conformal stress film 450
(compare 308) 1s deposited, covering all exposed suriaces.
This film 1s deposited typically with either a PECVD or an
RTCVD process. In the case of the PECVD process, the
stress 1s 1mposed through modifying the RF power of the
deposition conditions and in the case of RTCVD the stress
1s imposed through moditying the precursor. To put things 1n

perspective, exemplary approximate dimensions are:
width (lateral dimension) of the mesa 412; 300-1000 nm
width of the mesa 410: 200-700 nm

thickness (vertical dimension) of the oxides 406a,b6,c:
200-400 nm

overall height of the emitter: 100-200 nm

width of the emitter, at the top of the “I””: 150-800 nm
thickness of the top portion of the “T”: 50-100 nm
width of the vertical portion of the emitter: 50-200 nm
height of the vertical portion of the emitter: 50-100 nm
thickness of the base film 420 (420', 420"): 10-50 nm
thickness of the underlying film 422: 20-100 nm
thickness of the silicide 440: 20-60 nm

thickness of the stress film 4350: 10-50 nm

In a final set of steps, shown 1n FIG. 3, processing for the
BIT device 400 1s completed by fabricating middle of line
(MOL) oxide dielectric 452 and electrodes 454a,b,¢,d. The
electrode 454a extends to silicide 440q. The hard mask 432
1s opened up so that the electrode 4545 can extend to the
emitter 430. The electrode 454¢ extends to silicide 4405.
The electrode 4544 extends to the silicide 440¢ on the mesa
410.

As discussed above, for an n-p-n transistor the stress film
450 mmproves hole mobility 1n the lateral direction by
creating lateral compressive strain, and improves electron
mobility 1n the vertical direction 1s 1improved by creating
vertical tensile strain. For a p-n-p transistor the stress film
450 mmproves electron mobility in the lateral direction by
creating lateral compressive strain, and improves hole
mobility in the vertical direction by creating vertical tensile
strain.

As 1illustrated 1n FIG. 4F, the stress film 1s “notched”, 1t
does not fill the entire space below the horizontal top portion
of the “T-shaped” emitter 430. This 1s of no particular
significance, and the space could as well be filled.

However, 1t should be understood that the invention 1s
equally applicable 1n the case of emitter structures which are
simply rectangular (in cross-section), rather than T-shaped.
(Picture, 11 you will, an emitter structure without the over-
hanging vertical portion.) What i1s generally important 1s
that:

the stress film (450) 1s disposed adjacent the emitter and
on the base layer,

the stress film extends laterally to the base contact elec-
trodes 454a,c (FI1G. 5).

The stress film contains an intrinsic stress of greater than
0.5 GPa

Simulation Results

The simulated effect of the stress film 1s shown 1n FIGS.
6-8.

FIG. 6 shows a cross section of one half the device region
of interest. Both axes are 1n distances, 1n microns. Only half
the device 1s shown for simulation efliciency. The compres-
sively stressed nitride film 1s atop the base film. Iso-stress
lines representing the lateral stress 1s shown 1n the structure.
Underneath the vertical portion of the emitter layer the
lateral stress 1s compressive with the greatest quantity of
stress near the interface between the base film and the
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emitter film. Underneath the compressive nitride film the
base layer 1s 1n tension, also with the greatest magnitude
near the surface.

FIG. 7 shows the same structure as i FIG. 6, yet with the
1so-stress lines representing the vertical stress. Both axes are
in distances, 1n microns. Here, the base film underneath the
emitter {ilms 1s 1n vertical tension, with the greatest magni-
tude near the surface. FIG. 7 also shows a horizontal “cut
line” which represents the location of stress quantification 1n
the graph 1n FIG. 8.

FIG. 8 shows a graph of the stress at the location of the
cutline. The horizontal axis 1s distance in microns, the
vertical axis 1s 1n stress units. The positive values (above the
horizontal line) represent a tensile stressed film. The nega-
tive values (below the horizontal line) represent a compres-
s1ve stressed film. The edge of the intrinsic device (where the
clectrons flow vertically through this cutline) 1s at the
dimension 0.10 microns.

The two sets of data represent the lateral stress (SXX) and
the vertical stress (SYY), and it can be seen that there 1s
vertical tensile stress and lateral compressive stress within
the 1ntrinsic portion of this device.

This demonstrates that the compressive nitride film has
the desirable properties of creating vertical tensile stress and
lateral compressive stress within the intrinsic portion of this
device.

Although the mvention has been shown and described
with respect to a certain preferred embodiment or embodi-
ments, certain equivalent alterations and modifications will
occur to others skilled in the art upon the reading and
understanding of this specification and the annexed draw-
ings. In particular regard to the various functions performed
by the above described components (assemblies, devices,
circuits, etc.) the terms (including a reference to a “means™)
used to describe such components are itended to corre-
spond, unless otherwise indicated, to any component which
performs the specified function of the described component
(1.e., that 1s functionally equivalent), even though not struc-
turally equivalent to the disclosed structure which performs
the function in the herein illustrated exemplary embodi-
ments of the invention. In addition, while a particular feature
of the mvention may have been disclosed with respect to
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only one of several embodiments, such feature may be
combined with one or more features of the other embodi-
ments as may be desired and advantageous for any given or
particular application.

The mmvention claimed 1s:

1. Bipolar device, comprising:

a collector region,

a base film disposed atop the collector region;

an emitter structure formed atop the base layer; and

a stress film disposed adjacent the emitter structure and

atop the base film;

wherein:

the emitter structure 1s ““I-shaped”, having a lateral por-

tion atop an upright portion;

a bottom of the upright portion contacts the base film;

the lateral portion overhangs the base film;

the stress film comprises nitride;

the stress film covers and 1s in direct contact with exposed

surfaces of the emitter structure; and

the stress film covers and 1s atop and in direct contact with

exposed surfaces of the base film.

2. The bipolar device of claim 1, wherein the stress {ilm
1s disposed 1n close proximity to an intrinsic portion of the
device.

3. The bipolar device of claim 1,
1s a compressive film.

4. The bipolar device of claim 1,
1s a tensile film.

5. The bipolar device of claim 1,
has at least 0.5 GPa intrinsic stress.

6. The bipolar device of claim 1,
COmprises:

means for creating compressive strain in the device to

increase mobility of electrons in the device; and
means for creating tensile strain in the device to increase
mobility of holes 1n the device.

7. The bipolar device of claim 6, wherein the compressive
and tensile strain are located in close proximity to an
intrinsic portion of the device.

wherein the stress film

wherein the stress film

wherein the stress film

wherein the stress film
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